In this research we investigated the SOD activity in Satureja hortensis roots. Three methods were used to assay the SOD activity, involving, respectively, nitro blue tetrazolium reduction, cytochrome c reduction, and pyrogallol autoxidation. Only 0.83 units enzyme per mg protein were detectable by the method involving nitro blue tetrazolium reduction, while 35 and 50 units per mg protein were detectable by the methods involving respectively cytochrome c reduction and pyrogallol autoxidation. The latter was thus the most suitable method for detecting SOD activity in the extract. Root extracts were also subjected to electrophoresis in non-denaturing polyacrylamide gel followed by activity staining for SOD. Five bands were detectable that were attributed to copper/zinc and manganese SOD, based on their differential sensitivity to cyanide and hydrogen peroxide; no Fe SOD was detectable.
MATERIALS & METHODS
The enzymatic activity was measured in root extract of Satureja hortensis L. by following spectrophotometrically:
the reduction of nitro blue tetrazolium (NBT) to the blue formazan at 560 nm, in a mixture of phosphate buffer (pH 7.8), EDTA-cyanide, NBT, and extract. After 6 min incubation of small glass tubes which contained the above mixture in a light box, riboflavin was added successively to each tube at timed intervals. The absorbance was read at 6, 12, 18, and 24 min after adding the riboflavin. One unit of SOD was defined as that amount of enzyme causing 50% inhibition of the initial rate of reduction of the NBT.
the reduction rate of cytochrome c by O 2°-at 550 nm, in phosphate buffer (pH 7.8) containing EDTA, xanthine, cytochrome c, extract, and xanthine oxidase. One unit of SOD was defined as that amount which caused 50% inhibition of cytochrome c reduction.
the inhibition of pyrogallol autoxidation at 420 nm, in Tris-HCl buffer (pH 8.2), extract, catalase, and pyrogallol. One unit of SOD activity corresponded to the amount required to inhibit pyrogallol autoxidation by 50%. Electrophoretic separation of proteins in root extract was performed in 10% non-denaturing polyacrylamide gels, at 100 V for ~ 5 hours. Immediately after electrophoresis, gels were stained for SOD activity by incubation in the dark for 15 min in phosphate buffer, pH 7.5, containing TEMED and riboflavin followed by the second incubation in phosphate buffer containing nitro blue tetrazolium and final exposure to light.
Satureja hortensis L. is one of the most important of 13 species of Iranian satureja species cultivated in several areas of the country. Whole dried herb, specially aerial parts have been widely used in foods as a flavour component and in Iranian folk and traditional medicine as a carminative, stomachic, anti diarrhoreal and diuretic. Recent studies also indicated antioxidant properties of this species of labiatae and the general consensus is that the antioxidants present in food are important health protecting factors for the prevention of cardiovascular and neurological diseases, cancer, etc. In this research we investigated the SOD activity in Satureja hortensis L. roots. 
CONCLUSIONS
SOD activity was detected in Satureja hortensis L. root extract, using three separate spectrophotometric methods. Furthermore, non-denaturing gel electrophoresis of extract revealed five bands after staining for SOD activity. Based on their differential sensitivity to cyanide and hydrogen peroxide, four bands were attributed to copper/zinc SOD and one was attributed to manganese SOD; no iron SOD was detectable.
Electrophoresis and SOD activity staining:
When stained for SOD activity, gel electropherograms of extracts revealed up to five bands that were attributed to copper-zinc and manganese SOD, based on their differential sensitivity to cyanide and hydrogen peroxide ( fig.5 ).
SOD activity detected in Satureja hortensis L. root by various methods
The assay based on pyrogallol autoxidation was also performed with purified SOD obtained commercially. The measured activity (~ 1 u/µg) was close to that promised by the manufacturer. Furthermore, a fixed amount of purified SOD was added to a series of assays performed with Satureja hortensis L. root extract.
The results showed that the activity detected was equal to the sum of the activities detected in the extract and in the purified enzyme ( fig.4 ). When SOD activity was measured by the method using xanthine/xanthine oxidase as O 2
•-producer and cytochrome c as the indicator scavenger, the optimum extract protein concentration required range from 0.03 to 0.06 mg in a 3-ml reaction mixture. The highest activity detected with this method was 30 ± 2 u/ mg protein as 30-times increase compared to the NBT/riboflavin/light method ( fig.2 ).
SOD activity measured by the method based on NBT reduction by O2°-:
When SOD activity was measured by the NBT/riboflavin/light method, the optimum extract protein concentration required range from 0.45 to 0.9 mg in a 3-ml reaction mixture. The incubation time after addition of the riboflavin was also important and 18 min gave the maximum response. The higher activity detected, however, did not exceed 1.0 ± 0.2 u/ mg protein ( fig.1 ).
SOD activity measured by the method based on pyrogallol autoxidation:
When SOD activity was measured by the pyrogallol autoxidation method, the optimum extract protein concentration required range from 0.003 to 0.012 mg in a 3-ml reaction mixture. The highest activity detected with this method was 57 ± 6 u/mg protein ( fig.3 ). 
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